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SUMMARY PAGE

THE PROBLEM

One severely burned patient places an enormous burden upon the
facilities of the average hospital. In the event of nuclear war,
mass burn casualties can be expected, making the present indi-
vidualized treatment techniques largely impractical. Any rela-
tively simple therapy favorably altering the course of the disease
or decreasing the severity of the injury would therefore be helpful.
The reports that heparin improves both survival and wound heal-
ing in experimental burns and the implication of intravascular
clotting as possibly being of importance in the etiology of other
forms of shock focus interest upon the blood coagulation mecha-
nism in burns. Data concerning the clotting mechanism in burns
are incomplete. A controlled study of general clotting parameters
after burns in dogs was therefore undertaken to elucidate the
rationale for altering blood coagulation as well as to provide a
basis for further study if indicated.

FINDINGS

An elevation of the plasma fibrinogen, prolongation of the partial
thromboplastin time and Lee-White siliconed clotting times, and
decreased fibrinolytic activity occurred between 12 and 96 hours
after burn. No significant changes were noted in the thrombocyte
count or prothrombin time and no evidence for a period of hyper-
coagulability was found.

RECOMMENDA TION

It was concluded that the changes developed too late to explain
previous experimental observations and that the study of the rela-
tionship of blood coagulability to specific problems related to
burns, rather than as a general phenomenon, would be more
profitable for future studies.

ADMINISTRATIVE INFORMATION

Bureau of Medicine and Surgery, Navy Department Research

Project MR005.12, Task MPRO005.12-7020. This report is No. 9 of
Subtask 1. Interim report.
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; 4 FLASH BURNS
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INTRODUCTION

One severely burned patient places an enormous burden upon the facilities
of the average hospital. In the event of nuelear war, mass burn easualties can be
expeeted, making the present individualized treatment techniques Targely im-
practical. Any relatively simple therapy favorably altering the course of the
disense or deereasing the severity of the injury would therefore be helpful.

The reports that heparin improves both <urvival and wound healing in experi-

4 mental burns® > B oand the mphication of intravascule elotting as possitly
/ heing of importan ¢ in the etiology of other forms of <hoek® * " focus interest

upon the blood coagulation mechanism in burns. The use of anticoagulants has
theoretical merit i preventing the sludging phenomenon deseribed by Brooks,
el al.r the zystemic clotting deseribed in shoek und the loeal intravaseular
: !-. clotting precipitated by thermal injury to the vaseular endotheliim. '
Dati coneerning the elotting mechanism in hurns are incomplete, A controlled
4 study of general clotting parameters after burns was therefore undertaken 1o
%y clucidate the rationale for altering blood congulation ax well as to provide a hasis
for further study if indicated.

MATERIALS AND METHODS

The study was divided into two part=, The first part was designed to rale out

‘ any possible effeet of sodium pentobarbital anesthesia upon blood elotting. The
';* ~ccond =eetion represented the actual =tudy of Hlood coagulability alter burns,
Part |
: Twenty mongrel dogs had blood dreawn in both the unanesthetized and anesthe-

tized <tates. Soditm pentobarbital anesthesin (30 mg. kg was used for all dog-
in this study. The blood ssunples were obtained on separate dayvs, with half of the
animals being anesthetized on the first day and the remainder on the second.

| A blood siomples were drawn from the jugular vein by anontraumatic veni
puncture through an 18-gauge disposable necdle. The hiair on the neek had been

Y elipped but no attempt was made 1o maintain a stevile techmaue, The first D ee.
* Naval Medieal Field Researveh Laboratory, Camp Lejenne, North Carolina,
E . 1 Headguarters Battalion Medieal Odlicer, 20 Marvine Division, FNIE, Caen Lejeone,
North Careling,
The opimons or assertions contained herein are the private ones of the writers and we
not to be construed as olliced or refleeting the views of the Navy Department or the naval
) serviee at large,
Rr Reprint addiess: Naval Medieal Field Rescareh Laboratory, Camp Lejeune, North
] Caroling 283512 (L. Wilson,
TH

h e -“Ja. . g TLPEEST o R - PR — g e e yr——— - Toee 4 Srmia

e © gt g




6 WILSON, TAYLOR AND NiCHOLSON

TABLLE L

Venipuneture Sehedule

Group Control T me Ly 1our 4 Hours 12 Hours 24 Hours 5 Howrs oo Hours

Sham burn | Nt Shuam \ N N
Flash burn 1 . A Burn % N N
Sham burn 11 X Sham \ \ N
Flash burn 11 A Burn N A \

“xcindicates blood sample taken.

TABLE I

Mean Blood Coagulation Values Unanesthelized and 3o Minates Arter Sodvam
Pontobarbital Yuesthesia

Blood Coagulation Test Contral Niter Anesthesry Sizniteanoe
Plasma fibrinogen ang. per vents 2058 BURAE N.=
Thromboeyte connt (thousnds) 3453 BRI AN IS
Clotting time (minutes) IS} 20.0 NS
Prothrombin time eeonds) 121 12652 AW
Partial thromboplastin tiine seeonds) 218 210 N.x,
Foglobalin Ivsis time cminuates) ST 1006 N.X
* N.XL = Noncsignifieam.

of blood were drawn into o glass svringe and disearded. X total of 25 ecowas then
drawn into two Tomae disposable syringes and teansferved immediately to the
appropriate siheoned or acid-washed anticoagulant tubes. When o free flow was
not obtained or when the necdle didd not enter the vein eleandy, the samples were
do~carded and redeawn rom the contralateral jugular vein.

Pact I

For the actuad study of blood coagulability after burns, 40 mongrel dogs, paired
by sex and weight, were divided equally to produce two sham-burn and two
flash-burn groups. This was done so that no more than four 30 ce. blood samples
would be drawn from any dog. The =cheduled times for venipunetare in each
group are shown in Table T, After the control samples were drawn, the animals
were <haved and the fli=h-burn dog= subjeeted to a 10 eal. em? (thivd degree)
hurn over approximately 20 per eent of their body surface. The <ham-burn dogs
were treated i exaetly the same way as the flash-burn animals exeept that the
heat souree was not activated. The hurn teehnigque wax designed to simulate an
atomie flash burn and has been previously deseribed.” Fach matehed pair was
studicd simultancously. No further sodium pentobarbital was given during the
study. For Bamane rearons, all burned dogs were saerificed after the last blood
sample was taken.

The Quick one-stage prothrombin time, the thromboevte count by phase

U -




BLOOD COAGULABILITY AFPER BURNS

TABLYE 11

Mean Blood Coagulation Values Before and Afier Flash Burn

Time After Burn

Blood Coagulation Test
Cantrol Ve tlour 74 Hours
Fibrinogen (mg. per centy 224.0% 286.8  300.3
2211 2571 2067

N1 ONS.

Thromboeyte connt 316.0 3325 0 331.2
fthousands) 312.8 N8 26209
NS NS,
Clotting time (minutes) 16.0 16.6 15.2
15,2 15.6 15.9
N.X AW
Prathrombin time 10.5H 108 10.6
(seconds) 10.7 10,9 1.2
NN NN
Partial thrombaplastin 17.8 IN.5 17.3
time (seconds) 183 IS0 18.9
NS, NN

Fouglobulin lysis time

(minutes)

1 AN 6H7.6 -
11 NGLT 03.4
I ah e .
I Nyl 85.4

* Upper figure in all eases flash barn geong:
1 Lower fignre in all eases sham burn group,
1 N80 = Non-signifiean.
§ Sig. = Signifieant.

FFlash burn group,
¢ Sham hurn group.

12 Hours

3412

2751

Nig.§

3764

311

NS
1.5
1.
NS
10.6
1.4
NS
15.0

18.1
APHR

734

(8.5

24 Hours

47008
275.5

Sigr,

304.0
272.6

NS

17.3
15.8
NS

10.49
1.3
NS,
224
1IN
S

48 Hours

a60.0)
AN T
Nig.
318.0
300.5
A

21.5
18.9
Nig.

100.8

i

96 Hours

582.5
265.0
Sig.
256,38
281.2

NS

J9.6
15.8
Nig.
10.6
1.7
NS
220
184
Nig.

microscopy and the Lee-White siliconed elotting time methods are deseribed in
the United States Naval Medieal Sehool’s Hematology? Plasma fibrinogen wis
determined by the method of Ellis and Stransky.® Fuglobulin lvsis times were
performed ax deseribed by von Kaulla and Sehuitz2® The pactial thromboplastin
time with kaolin was used (o measure the first stage of clotting™

Homogeneity of the four groups was tested by the Kruskal- Wallis one-way
analysis of varianee by rank<* The median test* was used to determine whether
thie two experimental groups had been drawn from the <ume population, The .05

level was chosen to evaluate significance,
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78 WILSON, TAYLOR AND NICHOLSON

RESULTS

The results are summarized in Tables T and HI.

None of the blood coagulation tests used in this study was affected  signifi-
cantly by the sodivm pentobarbital anesthesia.

The four experimental groups were hotogencous for all parameters exeept the
cuglobulin lyxis time, Therefore, the sham-burn o flash-burn groups were each
treated ax one group i presenting the data for the other five blood coagulation
tests,

No =signifieant changes suggesting @ hypercoagulable state were noted. The
partinl thromboplastin thme and the Lee-White =iliconed elotting time beeame
prolonged at 24 wnd 96 hours, vespeetively, after the burn, A signifieant elevation
of the plasma fibrinogen and o concomitant prolongation ol the cuglobulin lysis
time were alzo noted. No changes were found in cither the thromboeyte count
ot the prothrombin time,

DISCUSSION

Changes in blood congulability after virious 1ypes of trauma are well docu-
mented. Innes and Sevitt,™ ina stady of 42 patients, noted an inereased fibrino-
Ivtie activity, decreased platelet count, prolongation of the prothrombin time
and a transient shortening of the heparin-retarded elotting time during the first
<ix hours after injury. After the early aceeleration, the elotting time often beeame
<hightly or moderately prolonged. Concomituntly the fibrinogen rose and the
fibrinolytic activity decreased, These data generally confirmy the previows work
of Seott and Crosby® and Warren, et al.?' although <ome minor diserepaneies
are present, Inexperimental trauma, Peniek, ef al.,% have empnasized the paa-
doxieal situation of inteavaseulae hypercoagulability resulting in o hemorrhagie
~tate secondary to the depletion of elotting factors,

The situation after burns i= mueh less elear, Sevitt )2 in o review ol the litera-
ture in 1957, stated that =a variab'e deerease in the number of blood platelets
atnd a vaviable fadl in the plasma prothrombin commonly follow extensive burn-
ing, and not infrequently the plasima fibrinogen rises. However, the whaole blood
clotting and bleeding times rarely <how any =ignificant abnormality.” Sevit’s
conelusions are bused partly on the work of Canmphell, of al.* which, although
comprehensive, was uncontrolled. Holder, ef al.)* in another uncontrol  study,
noted hypercoagulability in flash burned female mice. They atteibeted this to o
thromboplastie substanee from burned <kin. Hypercoagulability has also been
deseribed in rat= immediately following burns, with the subsequent development
of a hypocoagulable state 12 hours Tater)!

In thisx study, prolongation of the clotting time and partial thromboplastin
time without any change in the prothrombin time suggests a defect in the first
=tage of clotting. No evidenee 1= present to suggest that o depletion of elotting
factors oceurred due to a pertod of hypercoagudability. However, depletion of
eritical clotting factors might have occeurred due to extensive intravaseular
clotting in the burned tissue without systemie hypercoagulability. The alterna-
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tive explanation is o direet effeet of the burn injury upon the blood coagulation
faetors. The failure 1o find o hypercoagulable state confirms previous work in
dogs and suggests that speeies variability may oceur,

The elevation of the plasma (ibrinogen is consistent with other data from
travma patient<" The apparent fall in the thrinolytie activity paralleled the
inercasing fibrinogen. 1t is unelear whetner this fall vefleets aetual decerensed
i vivo fibrinolytie activity or represent= an (o odea artifaet due to the markedly
inereased density of the fibvin elot after burns in the cuglobulin lvsis 1es1,

The reason for the non-homogeneity between groups in the cuglobulin ly=is
time is unelear to usc It appears that a systematie variation was made sinee the
control values for the matehed sham- and flash-burn groups are approximately
the <ame. However, since both burn groups developed prolonged cuglobulin lysis
times, and <ince each matehed pair of dogs was done <imultancously, the pro-
longation of the cuglobulin lyvsis time appears real.

Our data correspond well to the period of hypocoagulability noted by Sevitt,
el al® Regardless of the pathogenesis of these generalized ehanges, theire <ig-
nificance in burns must be questioned. The period of <hoek,* the sludged blood
deseribed by Brooks, ¢f al.)? :nd the beginning of intravasculare clotting within
the burned area all ocewr within a short time after the burn itself. Morcover, the
progression of nerve dumage deseribed by Hinshaw within the burned areq is
nearly complete by 24 hour=." Thus alterations in svstemie blood coagulability
in general occurred too late to explain the ehanges noted. Whether or not these
changes in congulubility have any important bearing on the recovery of burn
patients must <tll be answered.,

The result= of this study Gand othersy must be interpreted with the reservations
that plague all burn experimentation. The variety of burn teehnigues; expert-
mreptatl animad= o covivommental eomditions make interpretation, eemparison,
and expeeially extrapolation to human thermal injury difficult.

I futwre studies, it might be more profitable to determine the relationship of
D] eregraadad i e Bl :-'-'|l.ll=l||_'|‘~'l'tl"l';l'_l' ind biartes dwib b oo B spwsifin prils-
Jems ruther than as a generalized phenomenon. Examples of =ueh problems
include the possible heneficial effeet of heparin, the eauses of <ludging and the
effeet of loeal blood eloriing upon the extent of tissue damage.

CONCLUSIONS
A controlled ~tudy of blood coagulability after burns in dogs revealed an
clevation of the plasma fibrinogen, prolongation of the partial thromboplastin
time and Lee-White siliconed elotting times, and deereased fibrinolytie activity
oceurring between 12 and 96 hours after burn. No significant changes were noted
in the thromboeyte count or prothrombin time and ne evidenee for a period of
hypercongulability was found. Tt was coneluded that the changes developed too
Iate to explain previous expernmental obaervations aud that the study of the re-
lntionship of blood congulability to =pecitic problems, rather than as a general
phenomenon, might he more profitable,

walo ke ib ol

— o & ey

WRITT L

e

B Y e 2 .
A

vimy

-



e D —
- -

~ -3
780 WILSON, TAYLO®K AND NICHOLSON
REFERENCES

1. Arturson, Gooand Wallenius, GooHypercoggulability of Dlood atter barn tranme o
rats. .\ prelininary report. Aeta Chies Seando 1250 310 385, 1964

2. Brooks, '), Deagstedt, BB Warner, Looand Kosely, M HL Shudged blood Tollow g
severe thermal burns, Arveh, Surg. 61 387 1S, 1050,

3. Camphell, Do AL Gabiriel, BCCoand Van Hoek, DL EC A stady of the elotting mechioism
tn thermal burns, Sarg, Portam, 205105 521, 1950,

1o Crowell, o Wooand Read, W Lo Iu coro coagalation o probable eanse of rreversthle
shoek. Amer. J. Physiol., 1830 365 569, 1055,

5. Fllis, B CLoand Seeansky, A0 A guick and acenrate method for the determination of
fibrinogen in plasmea. Jo Laby Cling Medo, 8 4077 1SS, 1961,

i, Bleod, PoDy MeCleery, 1S and Ball, Co 00T N experimental study ol the e
of heparin on survival time following lethal barns, Surg. Gynee, Obster #2085 1
1951,

7. Gilmore, J. P Cardiovasenlar changes of the burned dog following the infusie
intravenons solations, Amer. Jo Physiol., 2o0: 51 516, 1957

S, Green, BB and Artz, Co P Ao appraisal of heparin in burnss experimental <oy
Surg. Foram, 100 383 316G, 1950,

O, Hardaway, BM. Husni, AL Geever, 150 F. Noves, HL B and Barns, Jo W Fado
toxin shoek: o manifestation of intravasealar coagnlation. Ann, Surg., 1840 791 S02,
161,

10. Hematology, pp. G2 66, 69 70, 76 77, United States Naval Medieal Sehool, Natenal
Naval Meaieal Center, Bethesdu, Mavvland, 1962

1, Hinshaw, J. B An experimentz:] study of the degeneration and regeneration of nerve
fibers following a burn. Surg. Gynee. Ohster,, 103 31 37, 1956,

12, Holder, 1AL Malin, Lo Looand Fox, Co Lo, Jres ilvpereoagulability after thermal in
Juries: simulation by injeetion ol skin extraets, Sargery, 540 316 421, 14963

13. Innes, D.and Sevite, S, Coagalation and fibrinolysis in injured patients, - Clin Patch
17:1 138, 1961,

PE Johansson, SCAL Heparin and chromboeytopenia in experimental buarn inguries. ety
Physiol. Seand., 330 230 246, 1961,

15, MeCleery, RS0 Sehaflarziek, W RLand Lighe, 1A Ao experimental stady of ahe
effeet of heparin on the loeal pathology of burns, Surgery, 262 518 561, 10149

16, Order, S0 L, Mason, AL Dy Switzer, W B and Monerief, J. X Arteral vasenlar oe-
chision and devicadization of bien wonnds, N Sarg., 1670 302 508, 1065,

17. Peniek, Go D, Raberr, HL 1, Webster, W Pooand Brinkhons, Ko M Hemorrhage
states seeondary to intreavaseular elotting: an experimental =tudy of their evolution
and prevention. Areh, Path., 66 TOS THE 1958,

IS, Procror, RO R and Rapaport, S0 1 The partial thromboplastin time with kaolin o
stmple sercening test for Frse stage plasma elotting faetor deficiencies, Amer. J. Chn
Path, 360 212 210, 1961

19, Robh, Ho L The role ot miero embaolism in the producetion of irreversible shoek, Ann
Nurg., 158 G685 6U7, 1065,

20, Seott, R Jres and Croshy, W HL Changes in the congnlation mechanism following
wornding and resuseitation with storea olood: o stady of battle casualiies in Korei.
Bl od, 2: 600 621, 1951,

20 NSevitt, S0 Burns: Pathology and Therapentie A pplications. Lowdon, Butterworth and
Company, Lud., 1957, pp. 226 228,

220 Riegel, S Nonparamctvee Statesties for the Beharioral Sevenees. Now York, MeGraw Hil!
Baok Company. Tne, 10956, pp. IS FES,

24, Ihid, pp. 111 116G,

S T T e e
e SR susid il s Ei b 14




USRS S - | ————

v}‘a

o)

14

29

— et
i

AL\,

e 2 TLT R VY

BLOOD COAGULABILITY AFIER BURNS 781

20 Warren, R, Amdur, M. 0., Belko, J. and Baker, ). V. Postoperative alterations in
the congulation mechanisi of the hlood: observations on eireulating thromboplastin,
Aveli, Surg., 61: 419-432, 1050,

25 Wilson, 1. DL and Jackson, I Data to be published.

2. Von Kaulla, K. N. and Schultz, R. L. Methods for the evaluation of human fibrinoly-
sis: studies with two combined techniques. Amer. J. Clin, Path., 29: 104-112, 1958,

s Bt 14 B S i 0 o bbb, o il i . s« A o 8o o e BN A

dtailat



& .»_:;ﬂ-'i
'

o
l..

A s e

UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clasaitfication of title, body of abstract and indsxing annotation must be ontered when the overall report is classilied)

t. ORIG'NATIN G ACTIVI''Y (Corporate author) 2a. REPORT SECURITY C LASSIFICATION

U.S. Naval Medical Field Research Laboratory Unclassified

Camp Lejeune, North Carolina 28542 Gl L

3. REPORT TITLE

CHANGES IN BLOOD COAGULABILITY IN DOGS FOLLOWING FLASH BURNS

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Interim report

5. AUTHOR(S) (Last name, first name, initial)

Wilson, I, Dodd, LT, MC, USNR

Taylor, Dean R., LT, MC, USNR Nicholson, Thomas C., ENS, MC,USNH
6. REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
1965 7 26
Ba. CONTRACT OR GRANT NO. 9a8. ORIGINATOR'S REPORT NUMBER(S)

MRO005.12~7020.1.9
b. PROJECT NO. MRO005.12

c. MROOS. 12~7020 9b. &I‘H:gol:‘)epoa‘r NO(S) (Any other numbers that may be aasigned
d. MR005.12~7020.1 Vol. XVI, No. 1

10. AVAILABILITY/LIMITATION NOTICES

Eac traﬁnsm,i.% f this dW qide-/the é\iin rgs ofxthe~U. §—~Goxgrnment
must e ptio m& val zh(c 1 ¥itl RZP:&ri}mratory. \

1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Bureau of Medicine and Surgery

Navy Department
\  Washington, D. C. 20390

13. ABSTRACT

A controlled study of blood coagulability after burns in dogs revealed an eleva-
tion of the plasma fibrinogen, prolongation of the partial thromboplastin time and
Lee-White siliconed clotting times, and decreased fibrinolytic activity occurring
between 12 and 96 hours after burn. No significant changes were noted in the
thrombocyte count or prothrombin time and no evidence for a neriod of hyper-
coagulability was found. It was concluded that the changes developed too late to
explain previous experimental observations and that the study of the relationship
of blood coagulability to specific problems, rather than as a general phenomenon,
right be more profitable. (U)

DD .. 1473 D23558 UNCLASSIFIED

— — R e A B TP E—T e

= e -

B oo i



